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NATIONAL mRONAUTICS AND SPACE ADMINISTRATION 

TECHNICAL MEMORANDUM x-262 

WIND-TUNNEL DWESTIGATION AT MACH NUMBERS FROM 0.20 TO 1.17 

OF THE STATIC AERODYNAMIC CHARACTERISTICS OF 

A POSSIBLF: mENTRY CAPSuLErt 

By Albin 0. Pearson 

SUMMARY 

The s t a t i c  pitching-moment, normal-force, and axial-force charac- 
t e r i s t i c s  of e x i t ,  escape, and reentry configurations of a model of a 
possible  reent ry  capsule were invest igated i n  the Langley 8-foot t r an -  
sonic  pressure tunnel.  
from approximately -2' t o  40' for the e x i t  and reent ry  configurations 
and from about -2' t o  20' for the  escape configuration. The Reynolds 
nmber  var ied from about 0.57 x 10 6 t o  3.69 x 10 6 . 

The tests were conducted a t  angles of a t t a c k  

The results show t h a t  a l l  the models trimmed and had pos i t ive  
s t a t i c  s t a b i l i t y  a t  angles of a t t a c k  near Oo. 
the  e x i t  configuration near 3 O ,  a f t e r  which the model w a s  s t a t i c a l l y  
unstable.  
configuration tended t o  decrease the slope of the  normal-force coe f f i -  
c i e n t  C 

Pitchup occurred f o r  

The addi t ion of the tower and escape rocket t o  the  e x i t  

and t o  a f f e c t  the  ax ia l - force  cha rac t e r i s t i c s  only a t  t he  
N a  

lower angles of a t t ack .  
aerodynamic cha rac t e r i s t i c s  were negl igible .  

The e f f e c t s  of Reynolds number on the s t a t i c  

IN!IBODUCTION 

A wind-tunnel research program was i n i t i a t e d  by the  National 
Aeronautics and Space Administration t o  inves t iga te  the s t a t i c  aero- 
dynamic cha rac t e r i s t i c s  of models of blunt ,  non l i f t i ng  vehicles s u i t a b l e  
f o r  reent ry .  
t ransonic ,  o r  supersonic speeds are given i n  references 1 t o  3 .  

The results of some of these inves t iga t ions  a t  subsonic, 

R 
T i t l e ,  Unclassified.  
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The present  inves t iga t ion ,  performed i n  the Langley 8-foot t r an -  
n 

sonic  pressure tunnel, provides information a t  subsonic and t ransonic  
speeds on one of the  model capsules of reference 3. The model was t e s t ed  

as  an e x i t  configuration, with the  small cy l ind r i ca l  end facing the  
r e l a t i v e  wind; and as an escape configuration, the  same as the e x i t  con- 
f igu ra t ion  but with a tower and rocket  tube at tached t o  the cy l ind r i ca l  
end. The inves t iga t ion  w a s  performed a t  Mach numbers from 0.20 t o  1.17 
a t  angles of a t t ack  from about -2' t o  40'. The Reynolds number, based 
cii maximum body diameter, varied from about 0.57 x 10 

as a reentry configuration, with the  b lunt  end facing the  r e l a t i v e  wind; e 

6 6 t o  3.69 x 10 . 

SYMBOLS 

The da ta  presented herein are r e fe r r ed  t o  the body system of axes 
with the o r ig in  located a t  the center-of-gravity pos i t ion .  The pos i t i ve  
d i r ec t ions  of forces ,  moments, and displacements a r e  shown i n  f igu re  1. 
The coef f ic ien ts  and symbols are defined as follows: 

L1 

Pitching moment pitching-moment coe f f i c i en t ,  
9Ad .. 

slope of pitching-moment coe f f i c i en t  per degree a t  a fi: Oo, 
%nib 

model-balance chamber-pressure coef f ic ien t ,  
Chamber pressure - Free-stream s t a t i c  pressure 

9 

normal-force coe f f i c i en t ,  Normal force 
SA 

slope of normal-force coe f f i c i en t  per degree a t  a % Oo, 
%/& 

Axial force axial-force coe f f i c i en t ,  
SA 

f r e e  -stream Mach number 

free-stream dynamic pressure,  lb/sq f t  

Reynolds number based on maximum body diameter and free-stream 
conditions 

maximum body diameter, i n .  

L 
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A 

a 

maximum cross-sectional area, sq f t  

angle of a t t ack  of model center l i ne ,  deg 

MODELS, TESTS, AND ACCURACY 

Details of the model configurations tested are shown i n  f igu re  2 
and photographs a re  presented i n  f igure 3. The capsule model used f o r  
the reent ry  configurction w a s  a body of revolut ion made from p l a s t i c -  
impregnated f i b e r  g lass  a t tached t o  a s t e e l  core.  For t h i s  configura- 
t ion ,  t he  la rge ,  b lunt  end faced the  r e l a t i v e  wind. The e x i t  configura- 
t i o n  consis ted of the  same capsule model  but  the s m a l l ,  cy l ind r i ca l  end 
faced the  r e l a t i v e  wind. 
cy l ind r i ca l  aluminum-alloy body, simulating a rocket  container,  mounted 
on a tower made from three s teel  rods at tached t o  the  nose of t h e  e x i t  
configuration. The two upper rods of the tower were i n  a horizontal  
plane. 

The escape configurat ion w a s  composed of a 

The tests were conducted i n  the  Langley 8-foot t ransonic  pressure 
tunnel a t  Mach numbers from 0.20 t o  1.17 a t  s tagnat ion pressures of 
e i t h e r  1.0 or  0.5 atmosphere and, a t  some Mach numbers, both pressures .  
The dewpoint temperature w a s  such tha t  the a i r f low w a s  free of condensa- 
t i o n  shocks. The va r i a t ion  of Reynolds number, based on maximum body 
diameter, with Mach number i s  shown in  f igure  4. The model angle of 
a t tack ,  which w a s  varied from about -2' t o  40° f o r  the e x i t  and r een t ry  
configurations and from approximately -2' t o  20° f o r  the  escape con- 
f igura t ion ,  was determined by means of a calibrated, fixed-pendulum 
strain-gage un i t  located behind the model i n  the  main s t i n g  support .  

The models were mounted on a three-component strain-gage balance 
and were s t i n g  supported. A n  o r i f i c e  was located in s ide  the model i n  
the  strain-gage-balance chamber and the pressure i n  t h i s  chamber was 
determined by means of a ca l ibra ted  pressure transducer.  N o r m a l  fo rce ,  
a x i a l  force,  and pi tching moment were determined by means of t h e  i n t e r n a l  
strain-gage balance with t h e  pi tching moments r e fe r r ed  t o  t h e  center  of 
gravi ty .  The axial-force r e s u l t s  a re  gross  values and have not been 
adjusted t o  a condition of free-stream s t a t i c  pressure a t  t h e  model base. 
Based upon balance accuracy and r epea tab i l i t y  of data, it i s  estimated 
t h a t  t h e  coef f ic ien ts  of normal force, a x i a l  force,  and p i tch ing  moment 
are  accurate within tO.098, t0.098, and t0.020, respect ively,  a t  a Mach 
number of 0.20, and within t0.006, 50.006, and +0.001, respec t ive ly ,  at a 
Mach number of 1.17. All data presented from t h i s  inves t iga t ion  a r e  
e s s e n t i a l l y  free of wal l - ref lected disturbances.  
of the  ac tua l  test  Mach numbers from the  presented nominal values i s  
l e s s  than tO.005. 
and f o r  model s t i n g  and balance def lect ions.  The accuracy of t h e  angle 
of a t t a c k  i s  estimated t o  be wi th in  t0.20'. 

The imximum va r i a t ion  

Corrections were applied f o r  tunnel  flow angular i ty  
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RESULTS 

S t a t i c  S t a b i l i t y  and T r i m  Charac te r i s t ics  

The three  configurations t e s t e d  have pos i t i ve  static s t a b i l i t y  
near Oo angle of a t t ack  throughout the  Mach number range of t h i s  
invest igat ion.  (See f i g s .  ?(a) ,  6(a) ,  7 (a) ,  and 8.) Pitchup, however, 
occurs for  the e x i t  configuration near an angle of a t t ack  of 3 O ,  a f t e r  
which the model becomes unstable.  The e f f e c t s  of Reynolds number are 
negl igible  on the  s t a t i c  s t a b i l i t y  c h a r a c t e r i s t i c s .  

The da ta  of f igu res  5 ( a ) ,  6 (a ) ,  and 7(a) a l s o  show t h a t  the three 
configurations trim a t  an angle of a t t ack  near Oo and t h a t  an unstable 
t r i m  point e x i s t s  f o r  the e x i t  configuration near angles of a t t a c k  from 
about 5' t o  loo ( f i g .  5 ( a ) ) .  

A s  s t a t ed  i n  reference 1, it i s  necessary for the  capsule (without 
the tower and escape rocket a t tached)  t o  t r i m  and have pos i t i ve  s t a t i c  
s t a b i l i t y  only when the heat sink (blunt  face)  faces  the  r e l a t i v e  wind. 
The present model does not  meet t h i s  requirement, inasmuch as the e x i t  
configuration a l s o  t r i m s  and has pos i t i ve  s t a t i c  s t a b i l i t y  near Oo 
angle of a t t ack .  

L 
8 
5 
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Normal- and Axial-Force Charac te r i s t ics  

The normal-force cha rac t e r i s t i c s  are shown i n  f igures  5(b), 6(b) ,  
and 7(b) ,  and a re  summarized i n  f igu re  8. 
the r e s u l t s  a r e  similar t o  those reported i n  reference 1; t h a t  is ,  t he  
model had low values of C which were near ly  zero or negative.  Addi- 

t i o n  of the tower and escape rocket  t o  the e x i t  configuration tended t o  
decrease cNu 

For the  reent ry  configuration, 

NU 

The ax ia l - force  coef f ic ien ts  f o r  the reent ry  configuration 
( f i g .  6 ( c ) )  a re  e s s e n t i a l l y  constant with va r i a t ion  of angle of a t t ack  
t o  about 20°. 
axial-force coe f f i c i en t s  tended t o  reach a maximum a t  angles of a t t ack  
from about  4 O  t o  loo. (See f i g s .  5 (c )  and 7 (c )  .) 
and escape rocket t o  the  e x i t  configuration had a negl ig ib le  effect  on 
the axial-force coe f f i c i en t s  a t  the  higher angles of a t t ack  but  reduced 
these coef f ic ien ts  a t  angles of a t t ack  near 00. The e f f e c t  of Reynolds 
number on the axial-force cha rac t e r i s t i c s  i s  negl ig ib le .  

For the  e x i t  and escape configurations,  however, the 

Addition of the tower 

CI 

The var ia t ions  of chamber-pressure coe f f i c i en t  with angle of a t t ack  
are shown i n  f igu re  9 f o r  the Mach numbers of t h i s  inves t iga t ion .  

9 
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CONCLUDING REMARKS 

The r e s u l t s  of wind-tunnel tests of e x i t ,  escape, and reent ry  con- 
f igu ra t ions  of a possible  reent ry  capsule, performed i n  the Langley 
8-foot t ransonic  pressure tunnel a t  Mach numbers from 0.20 t o  1.17, 
ind ica te  t h a t  a l l  the  models trimmed and had pos i t ive  s ta t ic  s t a b i l i t y  
a t  angles of a t t ack  near Oo. 
be su i t ab le  as it should be unstable near 0' angle of a t tack .  
however, occurred f o r  the e x i t  model near an angle of a t t ack  of 3 O ,  
a f t e r  which the model remained s t a t i c a l l y  unstable. 
tower and escape rocket t o  the  e x i t  configuration tended t o  decrease 
the slope of the normal-force coef f ic ien t  

force  cha rac t e r i s t i c s  only a t  the lower angles of a t t ack .  The e f f e c t s  of 
Reynolds number on the  s t a t i c  aerodynamic cha rac t e r i s t i c s  of a l l  con- 
f igu ra t ions  were negl igible .  

The e x i t  configuration, therefore ,  may not 
Pitchup, 

The addi t ion of the 

and t o  a f f e c t  the ax ia l -  C N ~  

Langley Research Center, 
National Aeronautics and Space Administration, 

Langley Field,  Va., December 4, 1959. 
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(a) Exit and reentry configurations.  

Zelat ive wind 
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F x i  t 

( b )  Escipe ccnfiguration. 

Figure 2.-  Deta i l s  cf model configurations. A l l  tiixensions are i n  inches 
unless otherwise nbted. 
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( a )  V:iristion of C, with a. 

Figure 3.-  Vzriation of s tx t . i c  aercjdynamic c h a r a c t e r i s t i c s  i n  p i t c h  of 
nodel. Exit  configxlration. ljriflagged symbols denote stagnat.ion 
pressu re  of 1 .O atmosphere; f lagged syrrbols denote s+a&natic\n pres- 
sure of' 0.5 a'mesphere . 
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(b) Variation of CN with a. 

Figure 5 .  - C m t  inced. 
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(a) Variation of C, with a. 

Figure 6.- Variation of static aerodynamic characteristics in pitch Of 
model. Reentry configuration. Unflagged symbols denote stagnation 
pressure of 1.0 atmosphere; flagged symbols denote stagnation pres- 
sure of 0.5 atmosphere. 
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(b) Variation of CN with a. 

Figure 6. - Continued. 
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Figure 6. - Concluded. 
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Angle of attack, a,  deg 

( c )  Variation of CA with a .  

Figure 7. - Concluded. 
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(a) Exit configuration. 

Figure 9.- Variation of model chamber-pressure coefficient with angle of 
attack. Unflagged symbols denote stagnation pressure of 1.0 atmos- 
phere; flagged symbols denote stagnation pressure of 0.5 atmosphere. 
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(b) Reentry configuration. 

Figure 9. - Continued. 
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( e )  Escape configuration. 

Figure 9.  - Concluded. - NASA - Langley Field, Va. L-853 


